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(57)Abstract: 

PURPOSE: To increase the current amplification factor 
and high-frequency cutoff frequency by eliminating the 
effect of a defect such as a point defect or dislocation in 
the control electrode region and in the vicinity of the 
junction. 

CONSTITUTION: In a semiconductor device having a 
transistor in the semiconductor layer on an insulated 
surface, Ge is contained in a control electrode region 13 
of the transistor and in the vicinity of the junction of a 
main electrode region 10 adjacent to the control 
electrode region. 
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* NOTICES * 

JPO and I NP IT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The semiconductor device characterized by containing germanium in the 
semiconductor device which has a transistor in the semi-conductor layer on an insulating side to 
the control-electrode field of said transistor, and the field near the joint of the main-electrode 
field adjacent to this control-electrode field. 

[Claim 2] The manufacture approach of a semiconductor device that the field where germanium 
of a semiconductor device according to claim 1 is contained is characterized by being formed of 
the ion implantation and thermal diffusion of germanium. 

[Claim 3] The 1st and the 2nd main-electrode field which become an insulating side from the 
semi-conductor of one conductivity type, this — the 1 st and 2nd main-electrode fields being 
touched, and, while having the control-electrode field which consists of a semi-conductor of said 
one conductivity type with which the high impurity concentration becomes low from the 1st 
main-electrode field according to the other side to the 2nd main-electrode field, and an opposite 
conductivity type The semiconductor device characterized by forming the cash-drawer 
electrode of said control-electrode field in the whole front face of a control-electrode field. 
[Claim 4] The manufacture approach of the semiconductor device according to claim 3 
characterized by forming the cash-drawer electrode of a control-electrode field, introducing an 
impurity into this semiconductor region by using this drawer electrode as a mask, and forming a 
control-electrode field in self align to this cash-drawer electrode on a semiconductor region. 
[Claim 5] The process which forms the cash-drawer electrode of a control-electrode field, 
introduces the impurity of one conductivity type and an opposite conductivity type into this 
semiconductor region by using this drawer electrode as a mask, and forms a control-electrode 
field in self align to this cash-drawer electrode on a semiconductor region, The manufacture 
approach of the semiconductor device according to claim 3 characterized by having the process 
which introduces the impurity of one conductivity type into this semiconductor region, and forms 
the 1st or 2nd main-electrode field in self align to this insulator layer by using as a mask the 
insulator layer which adjoined this drawer electrode and was formed. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to ************ which formed the transistor in 
the highly efficient semi-conductor layer on an insulating side integrated highly, and its 
manufacture approach. 

[0002] Moreover, this invention relates to the structure and its manufacture approach of a 

semiconductor device, especially a lateral (horizontal type) bipolar transistor. 

[0003] 

[Description of the Prior Art] 

(Conventional technique 1) In the conventional silicon wafer bulk process, the vertical mold 
bipolar transistor was formed like drawing 36 . In drawing 36 , 301 is a component isolation region 
for the 1st vertical mold NPN mold bipolar transistor and 302 to separate the 2nd vertical mold 
NPN mold bipolar transistor, and for 303 separate a bipolar transistor 301 and a bipolar 
transistor 302 electrically. This Fig. shows the case where the collector of a bipolar transistor 
301 and the emitter of a bipolar transistor 302 are electrically connected with wiring 315. 
Moreover, for a P type silicon substrate and 305,305', 304 is N+ used as the collector field of a 
bipolar transistor 301,302, respectively. Mold field, 306 is N. - A P type field for a mold epitaxial 
field and 307 to separate a bipolar transistor 301 and a bipolar transistor 302 electrically, 308 a 
collector cash-drawer layer and 310,310' for a selective oxidation field and 309,309' A P type 
base region, 311,311' is N+. As for a layer insulation layer, and 313 and 314,315,316,317, a mold 
emitter region and 312 are [ aluminum (aluminum) electrode and 318 ] passivation insulating 
layers. 

[0004] Moreover, in the conventional silicon wafer bulk process, the horizontal-type bipolar 
transistor was formed like drawing 37 . In drawing 37 , 321 is a component isolation region for the 
1st horizontal-type PNP mold bipolar transistor and 322 to separate the 2nd horizontal-type 
PNP mold bipolar transistor, and for 323 separate a bipolar transistor 321 and a bipolar transistor 
322 electrically. This Fig. shows the case where the collector of a bipolar transistor 321 and the 
emitter of a bipolar transistor 322 are electrically connected with wiring 335. Moreover, for a P 
type silicon substrate and 325,325', 324 is N+ used as the base region of a bipolar transistor 
321,322, respectively. Mold field, 326 is N. - A P type field for a mold epitaxial field and 327 to 
separate a bipolar transistor 321 and a bipolar transistor 322 electrically, For a selective 
oxidation field and 329,329', a base cash-drawer layer and 330,330' are [ 328 ] P+. Mold emitter 
region, 331,331' is P+. As for a layer insulation layer, and 333 and 334,335,336,337, a mold 
collector field and 332 are [ aluminum electrode and 338 ] passivation insulating layers. 
(Conventional technique 2) Forming a device on SOI and forming IC of a low power in recent 
years at high speed is studied. 

[0005] This is because it has an advantage promising for high-performance-izing of the device of 
parasitic capacitance's being small made as compared with the case the conventional bulk being 
used, and isolation being realized easily by using SOI for a substrate. 

[0006] Generally the thickness of the semi-conductor layer in which a SOI substrate forms a 
device is about 1000-3000A in many cases, and in case it forms a bipolar transistor in a SOI 
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substrate, it uses a horizontal-type bipolar transistor rather than the bipolar transistor of 
vertical structure (vertical mold) generally used in bulk in many cases. 

[0007] However, generally a horizontal-type bipolar transistor is inferior to rapidity as compared 
with a vertical mold bipolar transistor. 

[0008] In order to raise the rapidity of a bipolar transistor, it is desirable for the width of face of 
the base region to be thin. In a vertical mold bipolar transistor, since the base region is formed 
by controlling diffusion of an impurity, the width of face of a base region can also produce the 
thin thing which is about 0.1-0.05 micrometers. 

[0009] On the other hand, in the conventional horizontal-type bipolar transistor, there will be 
many things of the structure where the thickness (width of face) of the base is determined by 
the capacity of photolithography, therefore base width of face will be set to about 1.0-0.5 
micrometers, as an example of the structure of the conventional horizontal-type bipolar 
transistor — IEEE, EDL-8, No.3, and P. — 104 and 1987 by What was announced by J.C.Stuetal 
is shown in drawing 38 . 

[0010] Setting to drawing 38 , 401 is Si02. For an insulator layer and 403, a P type base region 
and 404 are [ the film and 402 ] P+. As for a collector field and 406, a base region and 405 are 
[ an emitter region and 407 ] metal electrodes. 

[001 1] Moreover, in the horizontal-type bipolar transistor of structure like drawing 38 , since the 
concentration of a base region is uniform all over the base, the carrier transit time in the base is 
large, and the fall of RF properties, such as cut-off frequency, is imitated, and it is **. 
[0012] It is 191 1 to this problem as an approach of being thin base width of face in a horizontal- 
type bipolar transistor, and realizing establishing a concentration gradient toward the direction of 
a collector from an emitter. SYMPOSIUM ON VLSI There is structure announced by 
TECHNOLOGY, 7A-2, N.Higaki, and etal. This is shown in drawing 39 and drawing 40 . 
[0013] Drawing and drawing 40 as which drawi ng 39 regarded the transistor from the substrate 
front face are a sectional view. The part currently described as an emitter (E), a collector (C), 
and the base (B) by ^rawing 39 is the location of the cash-drawer electrode in each field. 
[0014] Setting to drawing 40 , 501 is Si02. For a layer and 502, the oxide film for isolation and 
503 are n. - For a collector layer and 504, a P type base region and 505 are n+. For an emitter 
region and 506, as for an interlayer insulation film and 508, Poly-Si and 507 are [ TiN and 509 ] 
aluminum (aluminum) electrodes. 

[0015] With this structure, since the base region is formed by controlling diffusion of an impurity 
like said vertical mold bipolar transistor, it has succeeded in producing the horizontal-type 
bipolar transistor of about 0.1 micrometers of base thickness. 
[0016] 

[Problem(s) to be Solved by the Invention] 

(Technical problem 1) As already stated, the bipolar transistor of the conventional vertical mold 
and a horizontal type had taken the configuration as shown in drawing 36 and drawing 37 . 
[0017] Here, in order to raise the working speed of a transistor in the conventional bulk vertical 
mold bipolar transistor, it is Si(l-x) Gex to a base layer. The used heterojunction bipolar 
transistor is known. However, when manufacturing the heterojunction bipolar transistor of this 
narrow gap base, it is p mold Si(1-x) Gex. The epitaxial growth film was used. In this case, the 
following troubles had arisen. 

[0018] (1) Si substrate and Si(1-x) Gex Since presentation change of the interface of a layer is 
steep, it is easy to generate a defect. 

[0019] (2) A conventional manufacture process and adjustment are bad, for example, a process 
becomes very complicated when manufacturing Bi-CMOS circuit combined with the MOS 
transistor. 

[0020] Moreover, in a bulk horizontal-type bipolar transistor, when it is going to manufacture 
heterojunction bipolar TOTORANJISUTA of the narrow gap base further, the manufacture 
approach becomes still more complicated. 

[0021] In addition, the conventional heterojunction bipolar transistor is Si(1-x) Gex which forms 
Si crystal which forms an emitter, and a base region as mentioned above. Defects, such as a 
rearrangement by the point defect or grid mismatching used as an electric recombination center, 
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occurred in the interface, for this reason, the defect arose in it near the base collector interface 
near the emitter base, the base current of a bipolar transistor increased to it, and it had the 
technical problem that a current amplification factor hFE fell. 

[0022] Moreover, in a conventional bulk vertical mold and a conventional horizontal-type bipolar 
transistor, the component isolation region was required to separate between the adjoining bipolar 
transistors electrically. For this reason, it had the problem that a degree of integration did not go 
up. 

[0023] Moreover, in a conventional bulk vertical mold and a conventional horizontal-type bipolar 
transistor, contact and wiring were required to connect the collectors, the emitters or collector, 
and emitter of the adjoining bipolar transistor. For this reason, contact resistance, wiring 
resistance, and wiring capacity became a load, and it had the trouble that the working speed of a 
transistor was restricted. 

[0024] One of the purposes of this invention is to offer the highly efficient transistor with which 
the adjustment with the production process of the conventional bipolar transistor was excellent, 
and the crystallinity a base layer and an emitter, and near the collector interface has been 
improved, and its manufacture approach. 

[0025] Moreover, the further purpose of this invention is to offer the high-accumulated highly 
efficient transistor circuit. 

(Technical problem 2) With the structure explained using drawing 39 and drawing 40 , since the 
base cash-drawer electrode is prepared in the edge of the base section as shown in drawing 39 , 
it has the fault that (B in drawing indicating that the location of a cash-drawer electrode 
mentioned above) and base resistance become large. 

[0026] This invention aims at producing the horizontal-type bipolar transistor which solved this 
problem, base width of face was thin, and had the concentration gradient to which high impurity 
concentration decreases towards a collector field from an emitter region, and was excellent in 
the small high-speed operation of base resistance. 
[0027] 

[Means for Solving the Problem] The 1st of the semiconductor device of this invention is 
characterized by containing germanium to the control-electrode field of said transistor, and the 
field near the joint of the main-electrode field adjacent to this control-electrode field in the 
semiconductor device which has a transistor in the semi-conductor layer on an insulating side. 
[0028] The 1st of the manufacture approach of the semiconductor device of this invention is 
characterized by forming the field where germanium of the 1st semiconductor device of the 
above is contained of the ion implantation and thermal diffusion of germanium. 
[0029] Moreover, the 1st and the 2nd main-electrode field where the 2nd of the semiconductor 
device of this invention becomes an insulating side from the semi-conductor of one conductivity 
type, this — the 1st and 2nd main-electrode fields being touched, and, while having the control- 
electrode field which consists of a semi-conductor of said one conductivity type with which the 
high impurity concentration becomes low from the 1st main-electrode field according to the 
other side to the 2nd main-electrode field, and an opposite conductivity type It is characterized 
by forming the cash-drawer electrode of said control-electrode field in the whole front face of a 
control-electrode field. 

[0030] Moreover, the 2nd of the manufacture approach of the semiconductor device of this 
invention is the manufacture approach used for the 2nd semiconductor device of the above, and 
is characterized by forming the cash-drawer electrode of a control-electrode field, introducing 
an impurity into this semiconductor region by using this drawer electrode as a mask, and forming 
a control-electrode field in self align to this cash-drawer electrode on a semiconductor region. 
[0031] Moreover, the 3rd of the manufacture approach of the semiconductor device of this 
invention It is the manufacture approach used for the 2nd semiconductor device of the above. 
On a semiconductor region The process which forms the cash-drawer electrode of a control- 
electrode field, introduces the impurity of one conductivity type and an opposite conductivity 
type into this semiconductor region by using this drawer electrode as a mask, and forms a 
control-electrode field in self align to this cash-drawer electrode, By using as a mask the 
insulator layer which adjoined this drawer electrode and was formed, the impurity of one 
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conductivity type is introduced into this semiconductor region, and it is characterized by having 
the process which forms the 1st or 2nd main-electrode field in self align to this insulator layer. 
[0032] 

[Function] By shifting the interface of Si and a SiGe layer to an emitter and collector side (an 
emitter and a collector constituting a main-electrode field and the base constituting a control- 
electrode field), it is made for the semiconductor device of this invention not to receive the 
effect of defects, such as a point defect or a rearrangement, near the plane of composition of a 
base emitter and a base collector, and it is a current amplification factor hFE and the RF cut-off 
frequency fT. It enlarges. 

[0033] Moreover, the manufacture approach of the semiconductor device of this invention makes 
it possible to enable manufacture of the heterojunction bipolar transistor of the narrowband gap 
base, and to lessen the interface defect of Si layer and a SiGe layer by performing the ion 
implantation of germanium to the control-electrode field slack base region of a bipolar transistor, 
and carrying out thermal diffusion of the germanium. 

[0034] In addition, in this invention, by forming a horizontal-type bipolar transistor in the semi- 
conductor layer on an insulating side, in case the adjoining collector or adjoining emitter of a 
bipolar transistor is connected, the need of preparing isolation and wiring can be abolished and a 
high-speed bipolar transistor semiconductor device can be realized by high accumulation. 
[0035] The area size electrically connected through the collector of a transistor with which this 
invention adjoins, an emitter, the source, the same diffusion field of a drain, or the same 
electrode contact field is parasitism resistance of the field and the product of parasitic 
capacitance, i.e., a time constant tau and the RF cut-off frequency fT of a transistor. What is 
necessary is just to determine in between, so that the relation it is unrelated tau<fT may be 
realized. 

[0036] Moreover, the emitter and collector field (the 1st and 2nd main-electrode fields are 
constituted) where the semiconductor device of this invention becomes an insulating side from 
the semi-conductor of one conductivity type, This emitter and a collector field are touched. The 
high impurity concentration One main-electrode field By preparing the base region (a control- 
electrode field being constituted) which consists of a semi-conductor of said one conductivity 
type which becomes low according to the other side to the main-electrode field (for example, 
collector field) of another side, and an opposite conductivity type from (for example, an emitter 
region) While a base region is thin and produces the high-speed transistor which has the 
concentration gradient of an impurity, reduction of resistance of a base region is aimed at by 
forming the cash-drawer electrode of said base region in the whole front face of a control- 
electrode field. 

[0037] Moreover, the manufacture approach of the semiconductor device of this invention is the 
manufacture approach used for the above-mentioned semiconductor device. By forming the 
cash-drawer electrode of a base region, introducing an impurity into a semiconductor region by 
using this drawer electrode as a mask, and forming a base region in self align to this cash-drawer 
electrode on a semiconductor region High impurity concentration is considered as distribution 
which becomes low from this edge by forming the cash-drawer electrode of a base region on the 
surface of [ whole ] a base region, and pulling out diffusion of an impurity, and making it carry out 
from an electrode edge. 

[0038] Moreover, they are the manufacture approach of the semiconductor device of this 
invention, and the manufacture approach used for the above-mentioned semiconductor device. 
The process which forms the cash-drawer electrode of a base region, introduces the impurity of 
one conductivity type and an opposite conductivity type into a semiconductor region by using 
this drawer electrode as a mask, and forms a base region in self align to this cash-drawer 
electrode on a semiconductor region, By establishing the process which introduces the impurity 
of one conductivity type into a semiconductor region by using as a mask the insulator layer 
which adjoined this drawer electrode and was formed, and forms an emitter and a collector in 
self align to this insulator layer High impurity concentration is considered as distribution which 
becomes low from this edge, and the magnitude of a base region is controlled by forming the 
cash-drawer electrode of a base region on the surface of [ whole ] a base region, and pulling out 
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diffusion of an impurity, and making it carry out from an electrode edge. 
[0039] 

[Example] Hereafter, the example of this invention is explained to a detail using a drawing. 
[0040] In addition, an example 1 - an example 6 start the 1st of the semiconductor device of this 
invention, and its manufacture approach, and require an example 7 - an example 10 for the 2nd 
of the semiconductor device of this invention and the 2nd of the manufacture approach, and 3. 
[Example 1] Drawing 1 is cross-section structural drawing of the 1st example of the 
semiconductor device of this invention, and drawing 2 is the representative circuit schematic. 
[0041] In drawing 1 the 1st NPN mold bipolar transistor and 2 1 The 2nd NPN mold bipolar 
transistor, Insulator layer, 5, and 5* is N by which 3 was formed in the silicon substrate and 4 was 
formed on the insulator layer 4. - Mold silicon layer, The P type polish recon layer from which in 
6 a selective oxidation layer and 7 become gate oxide, and 8 becomes the base electrode of the 
1st bipolar transistor 1, The P type polish recon layer from which 9 becomes the base electrode 
of the 2nd bipolar transistor 2, 10 is N+ used as the emitter of the 1st bipolar transistor 1. Field, 
11 is N+ used as the collector of the 1st bipolar transistor 1, and the emitter of the 2nd bipolar 
transistor 2. Field, 12 is N+ used as the collector of the 2nd bipolar transistor 2. Field, P field 
where 13 becomes the base of the 1st bipolar transistor 1, P field where 14 becomes the base of 
the 2nd bipolar transistor 2, An interlayer insulation film and 16 15 The emitter electrode of the 
1st bipolar transistor 1, For 17, as for the base electrode of the 1st bipolar transistor 1, and 19, 
the collector electrode of the 2nd bipolar transistor 2 and 18 are [ the base electrode of the 2nd 
bipolar transistor 2 and 20 ] passivation film. 

[0042] Moreover, the field of 21 is Si(1-x) Gex of the 1st bipolar transistor. A field and the field 
of 22 are Si(1-x) Gex of the 2nd bipolar transistor. It is a field. In addition, these fields 21 and 22 
are germanium+ mentioned later. It is created by the ion implantation. 

[0043] drawing 2 — setting — 28 — for the emitter electrode of the 1st bipolar transistor, and 
24, as for the collector electrode of the 1st bipolar transistor and the emitter electrode of the 
2nd bipolar transistor, and 26, the base electrode of the 1st bipolar transistor and 25 are [ the 
1st bipolar transistor 1 and 29 / the 2nd bipolar transistor 2 and 23 / the base electrode of the 
2nd bipolar transistor and 27 ] the collector electrodes of the 2nd bipolar transistor. 
[0044] Next, the production process of this example is explained using drawing 3 - drawing 7 . 
The substrate which formed the p mold Si layer on the insulator layer 4 first is prepared 
( drawing .3 ). This substrate structure is realized by a SIMOX technique, a wafer lamination 
technique, the laser recrystallization technique, etc. Next, after forming field oxide and 
performing isolation, 200A of gate oxide 7 was created. Next, an emitter and the collector 
sections 10, 11, and 12 are created according to a photolithography process ( drawin g 4 ). Case 
As+ of this example It was devoted 5x1015cm-2 by acceleration energy 40KeV. Under the 
present circumstances, the source drain of the N-channel MOS transistor etc. can also be 
formed in coincidence. Next, it is n with the same approach. - A layer 5 and 5* were formed. 
[0045] Next, after creating 2000A of NSG film with an ordinary pressure CVD method etc., the 
photolithography process removed the oxide film of a base region. Next, it is germanium+ to a 
desired location. The ion implantation was carried out ( drawing 5 ). At this time, acceleration 
voltage was set to 40KeV(s) and driven in 2.5x1 01 5cm-2. Next, the register was removed, 1000 
degrees C and heat treatment for 20 minutes were performed, and fields 21 and 22 were 
created. 

[0046] next, polish recon — LPCVD — 5000A was made to deposit in law etc., next the 
patterning process of polish recon performed desired pattern NINGU, and the P type polish 
recon layers 8 and 9 were formed. 

[0047] Next, the interlayer insulation film 15 was formed and photolithography and an etching 
process performed ****** for electrode ejection. 

[0048] Next, the electrode was formed and the heterojunction bipolar transistor as shown in 
drawing 1 according to the patterning process, the passivation process, etc. was completed. 
[0049] Si(1-x) Gex only whose field the base and near the base is a narrow gap ingredient in this 
example Since the used horizontal-type bipolar transistor is realizable, collector current 
becomes large to the conventional horizontal-type bipolar transistor, and it is IT. It became large 
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about 10 times. Moreover, the current amplification factor hFE has improved to about 1.5 times 
of the conventional horizontal-type bipolar transistor. 

[0050] It sets to this example and is N+ on an insulator layer. Since the layer 1 1 serves as the 
collector field of the 1st bipolar transistor 1, and the emitter region of the 2nd bipolar transistor 
2, in case the adjoining collector and adjoining emitter of a bipolar transistor are connected, it is 
not necessary to prepare isolation and wiring, and it is high accumulation and low resistance and 
a low capacity bipolar transistor semiconductor device can be realized. 

[0051] Although this example showed the example which forms the collector and emitter of the 
adjoining NPN mold bipolar transistor by the same diffusion layer, even if it applies in the case of 
formation of the source of the adjoining N-channel MOS transistor, formation of a drain and the 
collector of the adjoining NPN mold bipolar transistor or an emitter, the source of the N-channel 
MOS transistor, or a drain, it can attain the same effectiveness. 

[Example 2] Drawing 8 - drawing 12 are drawings showing the production process of the 2nd 
example of this invention. It is n on an insulator layer 4 like an example 1. - The substrate in 
which the mold Si layer was formed is prepared ( drawing. 8 ), and they are a photolithography 
process and As+. An emitter and the collector sections 10, 11, and 12 are created by an ion 
grouting degree etc. ( drawing 9 ). 

[0052] Next, germanium* after creating 2000A of NSG film with an ordinary pressure CVD 
method etc. and a photolithography process removes the oxide film of the base and the field 
near the base Ion was poured in ( drawing JO ). 

[0053] Next, after making 3000A of SiN films deposit, the sidewall was formed as shown in 
drawing 1 1 . 

[0054] Next, BF2+ It heat-treated, after driving in ion 2x1013cm-2 by 10KeV(s), and the P fields 
13 and 14 were created. Then, as shown in drawing 12 , electrodes 16-19 were created, and the 
heterojunction bipolar transistor as shown in drawing 1 like the example 1 was created. 
[0055] Thus, it can be made 1 micrometer or less and the base width of face of the obtained 
bipolar transistor is fT. It improved 70 times conventionally. 

[Example 3] Drawing 13 is cross-section structural drawing of the 3rd example of the 
semiconductor device of this invention, and drawing 14 is the representative circuit schematic. 
[0056] In drawing 13 the 1st PNP mold bipolar transistor and 32 31 The 2nd PNP mold bipolar 
transistor, Insulator layer, 35, and 35' is P by which 33 was formed in the silicon substrate and 
34 was formed on the insulator layer 34. - Mold silicon layer, The N type polish recon layer from 
which in 36 a selective oxidation layer and 37 become gate oxide, and 38 becomes the base 
electrode of the 1st bipolar transistor 31, The N type polish recon layer from which 39 becomes 
the base electrode of the 2nd bipolar transistor 32, 40 is P+ used as the emitter of the 1st 
bipolar transistor 31. Field, 41 is P+ used as the collector of the 1st bipolar transistor 31, and the 
emitter of the 2nd bipolar transistor 32. Field, 42 is P+ used as the collector of the 2nd bipolar 
transistor 32. Field, N field where 43 becomes the base of the 1st bipolar transistor 31, N field 
where 44 becomes the base of the 2nd bipolar transistor 32, An interlayer insulation film and 46 
45 The emitter electrode of the 1st bipolar transistor 31, For 47, as for the base electrode of the 
1st bipolar transistor 31, and 49, the collector electrode of the 2nd bipolar transistor 32 and 48 
are [ the base electrode of the 2nd bipolar transistor 32 and 50 ] passivation film. Moreover, 51 
and 52 are Si(1-x) Gex. It is a field. 

[0057] drawing 14 — setting — 58 — for the emitter electrode of the 1st bipolar transistor, and 
54, as for the collector electrode of the 1st bipolar transistor and the emitter electrode of the 
2nd bipolar transistor, and 56, the base electrode of the 1st bipolar transistor and 55 are [ the 
1st PNP mold bipolar transistor 31 and 59 / the 2nd PNP mold bipolar transistor 32 and 53 / the 
base electrode of the 2nd bipolar transistor and 57 ] the collector electrodes of the 2nd bipolar 
transistor. 

[0058] Si(l-x) Gex which is a narrow gap to the base region of n mold, and the field of the near 
in this example The horizontal-type bipolar transistor using fields 51 and 52 can be formed. 
[0059] Moreover, it sets to this example and is P+ on an insulator layer. Since the layer 41 
serves as the collector field of the 1st bipolar transistor 31, and the emitter region of the 2nd 
bipolar transistor 32, in case the adjoining collector and acjjoining emitter of a bipolar transistor 
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are connected like an example 1, it is not necessary to prepare isolation and wiring, and it is high 
accumulation and low resistance and a low capacity bipolar transistor semiconductor device can 
be realized. 

[0060] Although this example showed the example which forms the collector and emitter of the 
adjoining PNP mold bipolar transistor by the same diffusion layer, even if it applies in the case of 
formation of the source of the adjoining P-channel MOS transistor, formation of a drain and the 
collector of the adjoining PNP mold bipolar transistor or an emitter, the source of the P-channel 
MOS transistor, or a drain, it can attain the same effectiveness. 
[Example 4] Drawing 15 is cross-section structural drawing of the 4th example of the 
semiconductor device of this invention, and drawing 1 6 is the representative circuit schematic. 
[0061] In dravyingJ S an PNP mold bipolar transistor and 62 61 An NPN mold bipolar transistor, 
Insulator layer, 65, and 65' is N by which 63 was formed in the silicon substrate and 64 was 
formed on the insulator layer 64. - Mold silicon layer, The N type polish recon layer from which 
in 66 a selective oxidation layer and 67 become gate oxide, and 68 becomes the base electrode 
of a bipolar transistor 61, The P type polish recon layer from which 69 becomes the base 
electrode of a bipolar transistor 62, 70 is P+ used as the collector of a bipolar transistor 61. A 
field and 71 are P+ used as the emitter of a bipolar transistor 61. Field, 72 is N+ used as the 
emitter of a bipolar transistor 62. A field and 73 are N+ used as the collector of a bipolar 
transistor 62. Field, N field where 74 becomes the base of a bipolar transistor 61, P field where 
75 becomes the base of a bipolar transistor 62, A layer insulation layer and 77 76 The collector 
electrode of a bipolar transistor 61, The collector electrode of a bipolar transistor 62 and 79 78 
The base electrode of a bipolar transistor 61, As for the base electrode of a bipolar transistor 
62, and 81, 80 is [ the emitter electrode of a bipolar transistor 61 and the emitter electrode of a 
bipolar transistor 62, and 82 ] passivation film. 

[0062] Moreover, 51 and 22 are Si(1-x) Gex. It is a field, the production process is the same as 
that of an example 2, and it is Si(1-x) Gex to the beginning. The sidewall after formation was 
formed for the field and each base region of P type and N type was created. 
[0063] drawing 16 — setting — 83 — for the collector electrode of a bipolar transistor 83, and 
86, as for the emitter electrode of a bipolar transistor 83 and the emitter electrode of a bipolar 
transistor 84, and 88, the base electrode of a bipolar transistor 83 and 87 are [ the PNP mold 
bipolar transistors 61 and 84 / the NPN mold bipolar transistors 62 and 85 / the base electrode 
of a bipolar transistor 84 and 89 ] the collector electrodes of a bipolar transistor 84. 
[0064] It sets to this example and is P+ on an insulator layer. A layer 71 and N+ Since it 
connected with one electrode 81 electrically and the layer 72 serves as the emitter region of the 
PNP mold bipolar transistor 61, and the emitter region of the NPN mold bipolar transistor 62, in 
case the adjoining emitter and adjoining emitter of a bipolar transistor are connected, it is not 
necessary to prepare isolation and long wiring, and it is high accumulation and low resistance and 
a low capacity bipolar transistor semiconductor device can be realized. 

[0065] Although this example showed the example which forms the adjoining emitter of an NPN 
mold bipolar transistor and the adjoining emitter of an PNP mold bipolar transistor by the same 
diffusion layer The source of the adjoining N-channel MOS transistor, the source of a drain and 
the P-channel MOS transistor, or formation of a drain, The adjoining collector of an NPN mold 
bipolar transistor or an adjoining emitter, the source of the P-channel MOS transistor, or 
formation of a drain, The same effectiveness can be attained even if it applies in the case of 
formation of the adjoining collector of an PNP mold bipolar transistor or an adjoining emitter, the 
source of the N-channel MOS transistor, or a drain. 

[Example 5] Drawing 17 is the representative circuit schematic showing an example of the high- 
speed amplifying circuit of the 5th example of the semiconductor device of this invention, and 
consists of an NPN mold bipolar transistor 108,109, resistance 110,111, and capacity 112. All of 
these circuitry components are formed in the silicon layer on an insulator layer. A terminal 1 13 is 
the same N+ like an example 1 here. It is formed from a field and has become the emitter region 
of a bipolar transistor 109, and the collector field of a bipolar transistor 108. 
[0066] This example has attained about 20% of chip size contraction, and about 50% of 
improvement in the speed of operation from the example of a circuit of the conventional bulk 
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mold. 

[Example 6] Drawing 18 is the representative circuit schematic of the 6th example of the 
semiconductor device of this invention. 

[0067] Dr awin g 1 8 is an example of a comp RIMENTARIBAI CMOS circuit, and consists of an 
NPN mold bipolar transistor 114,115, and the P-channel MOS transistor 116,117 and the N- 
channel MOS transistor 118,119. All of these circuitry components are formed in the silicon layer 
on an insulator layer. A terminal 120 is the same N+ like an example 1 here. It is formed from a 
field and has become the emitter region of a bipolar transistor 114, and the emitter region of a 
bipolar transistor 115. Moreover, N+ to which terminals 121 and 122 were electrically connected 
with the same electrode like the example 4 A field and P+ It is formed from a field and has 
become the source field of an MOS transistor, and a drain field. 

[0068] By this example, when the ring oscillator, the shift register, etc. were constituted, about 
40% of chip size contraction and about 80% of improvement in the speed of operation have been 
attained from the example of a circuit of the conventional bulk mold. 

[Example 7] Here, the case where this invention is applied to an NPN mold bipolar transistor is 
explained. In addition, suppose that it is the same also about examples 8-10. 
[0069] Drawing 19 is drawing of longitudinal section showing the 7th example of the 
semiconductor device of this invention. Setting to drawing 19 , for an oxide-film (Si02) layer and 
202, an oxide-film isolation region and 203 are [ 201 ] n. - For a collector field and 204, a P type 
base region and 205 are n+. A collector field and 206 are n+. An oxide film and 208,209 are P 
type polycrystalline silicon (it is described as Poly-Si below), and an emitter region and 207 are 
base cash-drawer electrodes. As for the spacer of insulator layers, such as an oxide film and a 
nitride, and 21 1, 210 is [ an interlayer insulation film and 212 ] metal electrodes, such as 
aluminum (aluminum). 

[0070] D rawing 20 - drawin g 27 are the sectional views of a process flow showing the 
manufacture approach of this example. Hereafter, the manufacture approach of the example by 
this invention is shown using drawLngJ^O - drawing 27 . 

[0071] Si02 The component isolation region 202 was formed by oxidizing alternatively the 
location of a request of the SOI base which consists of a layer 201 and an N type Si layer. The 
thickness of the Si layer 203 is 1500A, and concentration is 5x1015 - 1x1017 ions/cm3. It 
carried out ( drawing 20 ). 

[0072] Next, the SOI base front face was oxidized and about 200A in thickness and the 1000A 
oxide film 207 were formed. In addition, it cannot be overemphasized that an oxide film may be 
formed in a base front face with a CVD method etc. 

[0073] It pulled, then 2000-5000A of Poly-Si layers 208 was deposited with LP-CVD method 
etc. Furthermore, they are P type impurities, such as boron (B+), to this Poly-Si layer 208 
5x1015 - 1x1016 ions/cm2 With the dose, the ion implantation was carried out, and it pulled, 
then 950 degrees C and 30-minute annealing were performed. 

[0074] Then, by RIE, anisotropic etching was performed and the structure of drawing 21 was 
acquired. Here, width of face (L showed among drawing) of this Poly-Si was set to 0.5 thru/or 
1.5 micrometers. 

[0075] Next, as shown in drawing 22 , among drawing, the photoresist 213 was applied so that 
said Poly-Si field 208 might be started in a left half, patterning was performed, and the oxide film 

207 on the right of Poly-Si208 was succeedingly etched in the drawing by using the Poly-Si field 

208 as a mask by RIE. After exfoliating a photoresist 213, again, there is no 1000 all over a base, 
4000A of Poly-Si was deposited, anisotropic etching was performed succeedingly, and side 
OORU 209 of Poly-Si was formed in the side attachment wall of said Poly-Si field 208 ( drawing 
2? ). 

[0076] Next, it is boron (B+) which is a P type impurity after performing spreading and patterning 
for a photoresist 214 like d rawing 24 with the acceleration energy of 20KeV(s) 5x1013 ions/cm2 
Boron ion was introduced into the field which performed the ion implantation with the dose and 
was shown by the number 204 in drawing 24 . 

[0077] Next, after exfoliating said photoresist 214, the oxide film (1000A thru/or 5000A) was 
deposited on the whole base front face, and the sidewall 210 of an oxide film was formed by 
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carrying out anisotropic etching of this ( drawing 25 ). 

[0078] Next, it is arsenic (As+) ion with the acceleration energy of 100KeV(s) to the whole SOI 
base surface 1x1015 thru/or 3x1015 ions/cm2 The ion implantation was performed with the 
dose ( drawing 26 ). 

[0079] Then, 900 degrees C, 20, or heat treatment for 30 minutes was performed to the base, 
and the structure of drawing 27 was acquired. 

[0080] Furthermore, interlayer insulation films, such as PSG and BPSG, were deposited with the 
CVD method etc. all over the base, and the contact hole was formed in the location of the 
request, then the metal electrodes 212, such as aluminum (aluminum), were formed, and the 
structure of drawing 19 was acquired. 

[0081] According to the above-mentioned process, the horizontal-type bipolar transistor of 0.1 
micrometers of base **** could be formed, consequently the high-speed horizontal-type bipolar 
transistor which is the cut-off frequency of 6GHz was able to be formed. 
[Example 8] Drawing 28 is drawing of longitudinal section showing the 8th example of the 
semiconductor device of this invention. 

[0082] 201-212 are the same as the configuration member of drayying 19 of the 7th example 
among drawing, and 215 is silicide, such as Ti and Pt 

[0083] Although resistance of an emitter or a collector becomes large in the horizontal-type 
bipolar transistor using a SOI base since the thickness of a semi-conductor layer is thin, 
resistance of an emitter or a collector can be made small by forming silicide 215 with small 
resistivity as mentioned above. 

[0084] The structure of this example is producible at the following processes. The structure of 
drawing 27 is acquired at the same process as the 7th example. Next, 500A (Ti) of titanium was 
deposited on the substrate front face by sputtering. Subsequently, 600 degrees C and 20-minute 
heat treatment were performed for the substrate, and Si and Ti were made to react 
[0085] Next, NH4 OH-H 202 The used wet etching removed unreacted titanium and the 
structure of drawing 29 was acquired. 

[0086] After depositing an interlayer insulation film 21 1 like the 7th example after that, the metal 
electrode 212 was formed. 

[Example 9] D rawing 30 is drawing of longitudinal section showing the 9th example of the 
semiconductor device of this invention. The location of a metal electrode 212 was prescribed by 
the mask in the 7th and 8th examples. 

[0087] In this example, the location of the base approach of the metal electrode 212 of an 
emitter and a collector is prescribed by the spacer 210 of an insulator layer. It is the same as 
the configuration member of draw ing 19 of the 7th example the inside 201-212 of drawing. 
[0088] Hereafter, the manufacture approach of this example is explained. 
[0089] The structure of drayying 27 is acquired by the same approach as the 7th example. 
Subsequently, an interlayer insulation film 21 1 is formed with a CVD method etc., and the 
structure of drawing 31 is acquired. 

[0090] The case where the cash-drawer electrode of an emitter is formed in the range shown by 
y by drawing 31 here is considered. 

[0091] If an alignment margin is smaller than the width of face (x in drawing) of the spacer 210 of 
an insulator layer at this time, as shown in dravying. 31 , the spacer of a contact hole and an 
insulator layer can be formed adjacently. It cannot be overemphasized that the same thing can 
be said also to a collector electrode. 

[0092] however, the matter 4 with which the selection ratio of an interlayer insulation film 211 
and etching can take the spacer 210 of an insulator layer in the case of this example, for 
example, silicon nitride Si3 N, etc. — it must form. 

[0093] As mentioned above, by this example, since formation of an emitter and the collector 
electrode will be able to be carried out in a base region soon rather than the 7th and 8th 
examples shown in drawing 19 and drawing 28 , a component can be made detailed and emitter 
resistance and collector resistance can be made small. 

[Example 10] Drayying 32 is drawing of longitudinal section showing the 10th example of the 
semiconductor device of this invention. Drawing 33 - drawing 35 are the sectional views of a 
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process flow showing the manufacture approach of this example. 

[0094] the inside of drawing, and 201-212 — the configuration member of drawing 1 9 of the 7th 
example — the same — 216 — Si02 — insulator layers, such as PSG, and 217 are N type Poly- 
Si. 

[0095] Hereafter, the manufacture approach of this example is described using drawing 33 - 
diawing_35 . 

[0096] According to the same process as the case of the 7th example, the structure of drawing 
23 was produced and 1000A of PSG film 216 was succeedingly deposited on the base front face. 
Then, etching removal of the desired PSG film 216 and desired oxide film 207 of a location was 
carried out, and the structure of drawing 33 was acquired. 

[0097] Next, it is CI2, using said PSG film 216 as a mask. Anisotropic etching of the Si layer of 
the collector field 203 and a base region 204 was carried out, and used RIE removed it ( drawing 
34). 

[0098] Next, about 2000A of Poly-Si is deposited all over a substrate, and it is arsenic (As+) ion 
with the acceleration energy of 70KeV(s) succeedingly 5E15 ions/cm2 An ion implantation is 
performed with a dose and they are a base region 204, an emitter region 206, and n+. The 
collector field 205 was formed. Then, patterning of said Poly-Si was carried out, and the 
structure of drawing 35 was acquired. 
[0099] 

[Effect of the Invention] According to [ as explain above ] this invention, it is Si(1-x) Gex to the 
control-electrode field and its near field of a transistor. A layer can be create according to an 
easy process, a conventional semi-conductor manufacture process and adjustment are 
excellent, and, moreover, they are Si and Si (1-x) germanium (x). There is little generating of the 
defect in a hetero interface, and since effect by the defect can also be make small, the 
semiconductor device containing a high-speed transistor is realizable. 

[0100] Moreover, in case the 1 main-electrode field (for example, an emitter or a collector) of 
one transistor of the adjoining transistor and the 1 main-electrode field (for example, a collector 
or an emitter) of the transistor of another side are connected, it is not necessary to prepare a 
component isolation region, and a still more nearly high-speed transistor semiconductor device 
can be realized by high accumulation. 

[0101] Moreover, according to this invention, the transistor which whose width of face of a 
control-electrode field was thin, and the high impurity concentration in a control-electrode field 
had the concentration distribution which becomes low toward the 2nd direction of a main- 
electrode field from the 1st main-electrode field, and was excellent in the high-speed property 
that resistance of a control-electrode field is low can be formed. 



[Translation done.] 



http://www4.ipdl.inpitgo.jp/cgi-bin/tran_web_cgi_ejue 



2007/07/17 



JP,06-267971,A [DRAWINGS] 



1/8 ^— v 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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^+;I/fi£SH*<ffl^e>nT^/c 0 con*, aTOlHM 

[0 0 18] (1) Sllffit, Sin-,) Ge<id) 

[0 0 19] (2) «E*©«i67 , n-fe*fcSEStttf» 
<s flR.fMOS h5V^X*fcffl#-&fc-tt-fcB i -C 
MOS@e*S3ifS*&, yn-tx^XIMItft 
3 0 

[0 0 2 0] %tz*)VVmi>'i-<X-9Y9y 

[0 0 2 1] fcfc, fi£*©'NxoS^W3K-7h7> 
S>X*«U ±K©«fc$te, i5>y>*«lW«S i *SJI 
fc^-X»W*JBj*rs S 1 o-x) G ex fcOWffitil, 

7hvyi/*X^£0^-X«i3S»nL, ftffiJMR 
$ h fe tfTtf 3 1 l/^RS** LTV>ft„ 

[0022] t/c, m&wwwLmts&xfmmtwx 

-7(-7>->'X^T-(i, KS-r3/W^-7h7>^X 

^H^mmwfc^gfr3otc^^8t^A^s-pfeo 

[0 0 2 3] fie*0/Vl/^«SW3«J:tf*S!!/W# 

-7h7y->'x^tii, »»-rs/w#— 

*©nb**E±$fcttxSy*il±i;fc«=iu?*fc 
[0 0 2 4] *HWOgWO 1 Ott, t*OM^*- 7 

xifiitfx5 7?, ;H6i&&©tefil£©$# 

"^"3 C ttc$)3 0 

[0 0 2 5] Sft*«WO?6ft*BWH:, Si&fJtStt 
fcSttfUft h 9 y*J7. * ®t&*mm 3 C fc (c&S. 
(R£2) 03 9. H4 0*ffll/>TKWLte«|jfP»4, 

OffltiS^P,nT^3/=*(c (±a LfcJ;7.i:04'OB 
[0 0 2 6] 3&»*»«M«*IWttt, ^-X*a 
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[0 0 2 7] 

[0028] ^min^mfommnm&timnm \ 
mm i <D*mw$kW<oG e t>^*t\%mm\ g e <o 

So 

[0 0 2 9] £fc$^<D¥g{«£B©t82tt, $6«ffi 

-mn§n<D*mi*fr % & ssi§ i Rvm 2 ®±«&fli 
^ist;®2©±a«i^tgu ^(o^ti 
jg 1 co±nii^^ p,^ 2 ozmmmwicfa 0 m 

m&M'mmmmi im &fflmiisi$©igffi£ 
[0030] *tz*m\<D*mwm.w<»Mmiimnm2 

[0031] £tz*ftwo*m&mw(Dm&fi&<»m3 
it, ±iz%z<D*mwmw£m^c>nz>m&i5&T'3b-3 

mmtfcttmmm<D^i&ty<Dmxz'i7fo\ ®mw.®m 

l\ ^13l(i^2(D±m^«^$6^cWbTgB 
[0 0 3 2] 

[ffffl] *%WC0¥^SH«, S i t S i G eJICDW 

[0033] £rz*5zw<D*mftmm<DW&J5mt.. 

Ge<DJ*y&\Zfirj;\,\ Ge^MSiJWCtlc 

-7h7>^x^cDi/3i^pi^i:L, t/ss imts i 

G e StOWS^Pfi^'>* < -T 5 C k^RjfiBt f S t COT* 

<&So 



[0 0 3 4] fcte^f^Cfc^T, J6ii®±(D^#« 
-f S/W#— 5 h5>^X#iD3l^23:fc«:x5-y# 

[0035] mm-%>Y=>yV7.z<n>^v'7 

T<fT 

[0036] £tt5%w<D*m&mit, &®mic, - 
mm (mutis i57?w fre>ftt7?©±a®«$ 

20 (t?iJ*.(f:3l^#fiBig0 tC(S]9tLfcA^T{6<^S<}; 

[0037] ztc*%w<D*m&3im<Dmmi;m&s ± 

/STSCkT 5 , ^-X^05ltHLSffi*^-X^«© 
[0 0 3 8] SM=«B©¥SK*««©Hifi#SU ±B 

tj-sckT% ^-xfigHosiaLmtfc^-xfcWos 

so [00 3 9] 
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[0040]*^ mum i ~mmm6&*fmo*m 
m 7 ~*aww i o it*&m<D*m#mm<Dm z sin-© 
mam n m i «*?iB,ji©¥j!ittgfi©sf! i ©masey 

©BffflSim 0 2ti^©^«HlSg0T';&3„ 
[0 0 4 1 ] 0 Hcfc-VT, ltt^l©NPNS/W3j? 
-7b7^*, 2lilg2£0NPNS'' i :'l'^-7h7 10 
V>*X2, 3B«>'J3^«R, 4tttBflUfc 5, 5' tt 
*6»fi4±fc«fi!&SftfcN- Si"j3V|, 6tt3fiRK 
ftS, 7»y-hM, 8tt»10/W*-7h7y 

^x* KD^-T.n.mtKzpmxvi'VzyB. 9« 

MS2©/WjK— 7 ^^^^©^-xBat&s P 
Stfus/yayji, i OttSfn/^tf-^ h^v^x* 
l©x$7^t45N' 1 lttSlO/W*-5 

hvV^X* 1 O3L/^^feJ:t/l2(0/^,f-7h7 
y->*7.^2©X=-y^fc^;?,N* 1 2 telfS 2 ©/S 

h7y-yX^2C3^^t%5N* ffi$> 1 20 
3ttfli!)/W#-7b7y->*X^ l©^-XtWP 
1 4lif 20/W^-7h7^X^20^-X 
fcft3P^8, 1 5 t*JBflBte&J& 1 6«mi<D/W* 
-7h5^X* 1 ©x 5 1 7«^2©/W 
7h7yv'X#2©3l^#ma, 18tt£l©/<5 
'f*-7h7V->'X? 1 ©^-xma> 1 9ttfi2©^ 
^#—7 h7^X* 2©^-XHa^ 2 0tt/Wi^ 
-fa 3. 

[0 0 4 2] £fc2 1 ©fffisS&Sfl 1 ©A^#— 5 Y=yy 
^OSin-.) Ge» S«> 2 2 0g«ttS2 0M 30 
-fit?-7h7>->*X^OS i (i-x) Ge« ffiisST'&So 
ftfc, COl«2 1, 2 2liMt5Ge' ©-f^yii 

[0 0 4 3] 02fc:fcV>T, 2 8 tigg 1 0/<^#-7 h 
7y^K 2 9tt^2CO/U^-v h^Vi/X* 
2, 2 3li^l h^Vv'X^ffJlS'y^i 

2 1 O/W^-7 h77^X^O^-Xi 
ffi, 2 5,ilBl ©/W#— 7 r-7>-^X*©3U**m 
afc <fc Oil? 2 © / U tf- 7 h 9 V v>X * ©x 5 -y * m 
ft. 2 6ttS2flD/W*— 5h5>5?X*0^-X« 40 

aT-^So 

[0 0 4 4] H3~B7*ffl^T**«W©H3fi 
limits. S"«ft»Bl4±K:pSS il^JfMb 
fc»K*/iJ*ra (03) . COS&ttifittt S 1M0 

xrnwi, <7x/^!?^#m u-im»jiatfit(Ft 
?ftm*ftte-3rc&. y-h«fkiii7*2ooAflfrtL 

U**g|510, 11. 1 2«rftJSfS (04) o so 



#J©*&A s* *timx.*)]/#- 4 0 K e VT5 X 1 0 
15 c m* fl"53iA,/£. <1©I£, NSMOS r>-7>S>X* 

^fC, BSftSffiTn- IS 5. 5' fcJ&SLfco 
[0 0 4 5] #teNSGR*«ECVD8s*FT»2 0 00 

*7iiALfc (0 5) „ C©ttiDjIBEtt4 OKeV 
fcU 2. 5X 1 0 15 c nr 2 fj gtCUStt* 

fcf$£u iooo°c. 2o»o«naa*fTV^«2 

1, 2 2*f&aLfc. 

[00 4 6] ^fc*y$/'j3V*L PCVD)4^T'5 0 
VJI8, 9£flMLf=o 

[0 0 4 7] %(CJBHIfi8Ull 5&J&SU 7*h'JV 

^7 7 -< -*5<k t/x 7 f- v tfxmic j: o maas •? m l© 

[0 0 4 8] <WcBa$:flMU /^--77*I§, ^ 
•v ->^— > a >l*M3?{c <fc 9 0 l (C/TlfcJ;9*'\fn 

[0 0 4 9] **W0«fc:fe^Tfk ^-XfeJ;t;^-X 

ex *m^rc&$i>u$-7 h7>i?z**nmT'2z 

felt, tit5l5©«W^-7h^y->*X^{C«LT3l^ 

$ rcw.rn.mum h FE atcsKomi/ w #-9 h 7 > f*x 

*©1. 5«eS»c3S«T»*fc. 
[0 0 5 0] ^MStfc^Tfi, *ft»IS±©N* ill 

itfSio^it?-7h7>i>*x? loai/^iife 
<k t>*H! 2 ©/ U =7 Y =7 y ->*X # 2 ©x ~ -y ^ fSig?^ 
«feT^i.©T% SWt*/W#-7h7^*03 

So 

[00 51] *^j5S^iJ«, Kfg-T^N P NS^f #— 7 

»»r«M**bfe««, »«-t*nsmos h5>^x^ 

©y-XtKW>©M> NP NIB' W#- 

7h77->*X??)3l/7^L(il57?i:NlMO 
S h7Vv ? X^©y-X^V^L,iKbl'y©JBfi£©l®{C 

C^SSM 2 ] 0 8-012 ,i#^IE©Sf? 2 ©!«J©ii 

jftxe*wi-H"e*a. ^ssfiaji tiRi«fci6isM4±tc 

n- l**Jg»aLfc»ffi*JS*L (08) , 

«fet)x3-7*. 3U^^gBl 0. II, 1 2 4Mt5 
(09) o 

[0 0 5 2] *teNSGil*1»ECVDtt9T2 00 0 
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t^iiAb/: (01 0) o 
[0 0 5 3] mcS i Nil*3 000Aita*'&fta, 

[0 0 5 4] JfcfcBFa ♦ 0KeVT*2xi 
0 13 cm- 2 W%^T^6»«ia*fT*^PlH«l 3, 
1 4£{t/3tLfc:o 01 2£*Vf cfc-McWIl 6 

5 ft'vr P W 5 h 5 V >>X # *ff « L fee 10 
[0 0 5 5] dOck^tcLT^^n/c/W^-^h^V 

^#0^-X«tt 1 fimttTfc'TSC: fctfT* f t *< 

ft*J:t) 7 0«I«0±Lfe o 
C^SS^J 33 013 ti*f|0^O^*ttSeo^ 3 <D§teSf5 

m<DMmm&m, 01 4«*o»ffiigBHi?**o 

[0 0 5 6] 01 3£*3V>T, 3 1BS1©PNPS^ 
^^vh^^X^ 3 2tt3f2<DPNP33/W#- 
7h7>^ 3 3«^U3>Sfc 3 4 
3 5, 3 5' tt»««3 4±fc«J«SttfcP- S8^y3 

3 6ttiKim 3 7tty-m«> 3su 20 
x#3 2o^-x*a4:a*Ni!#y*>y3yjB, 40 

P* mt& s 4 lttJBlO/W*— ■ 7h7>^^3 1(0 
3l/{'*fe<i;tfS2^3K-7b7^X*3 2(Dx 
^y*£&£P* ML 4 2tt!B20/W*-7h7^ 
^X*3 2 03l/**fc44P' 4 3ttSll©/* 

^-7b7^x*3 i<*M-Xi:££NME, 44 

&m20/W#-5h^V^X#3 2<0-<<-Xk&£N 30 

4 5 udrattwit* 4 6 im 1 h 5 

^X*3 10X5 7«S, 4 7 8S2 0/W*-7 

^7h7^X*3 10^-XtS^ 4 9tt%20)'W 
h^>i/X£3 2<7M-X®S, 5 0^/^7^ 
->aVS?*5o Sfc, 5 1, 5 2ttSi(M Ge 

x Mtt?»So 

[0 0 5 7] 01 4K*3^T, 5 8ttSlOPNPS/^ 
^*-7f7^X»K 5 9tt»2©PNPffl/<-f 
#-7h7^>*X?3 2> 5 3ttai^Jl?-7h7 40 
yyx*(Dx5yj?tS, 5 4ttSl0/Vf#-5h5 
y^X#<D^-X«ffi, SStt^KO/W^h^V 
yx*oa Ui7 *«W3J:tf a 2 ©;W*-7 h 7^ 
X^Ox>7?Si, 5 6ttJB2 0/W#— 5 h^Vv 7 
X*^-Xf& 5 7tiJB2 0/V*^7h7^X 

[0 0 5 8] ***W«C43V^T*4, niO^-XS«fc 
•fc^Oifi^O^WC^-n-^y^TfeSS io-x) 
Ge*Mt5 1. 5 2%ffl^feif/U*-7h7^ 
X^J&JBdc-rscfc^TSSo 50 
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[0 0 5 9] $fc*&ffi0Jfcfc^Ttt, W±(OP + 
J14 l^glO/W*-7h7Vyx*3 lOnU^* 
MM3cfctf«2 0/Vf#-5 h^>^X*3 2 0X5 7 

^*-7h7>^WU**fcx5y>i:*S«t 

T\ ttSgiu ffi§*&>W#-^h5y^X*¥g#S 

[0060] tttmtts m&tz>PNPm'U$-7 

7h7>^OJU?*ftl>Uix57*l:PSMO 

Gfettfl 4)015 «*8W0¥S£ttg@<D!i! 4 
0J©KB5«liiEU 01 6tt?0«MslBI9"?&S. 

[0 0 6 1] 0 1 5fc*5^T, 6 1ttPNP58/W*- 
7h7^X*. 6 2&NPN§^W#-^hv;/^X 
6 3tii/U3VSfi> 6 4ttt&81L 6 5, 6 5' 

immme 4 ±K»asnfcN- 6 6^ 

7>^X^6 1 ©^-Xliffiii&SNgJtfy 

6 9tt;W*-7h7V^*6 2 0^-Xltffik 

ft5PS*yi/ynyjB, 7 0B/w*-5h7y^ 

#6 1 cDnl/*£i:&£P* «B« % 7 1 tt/^#-- 7h 
7^*6 1 £>X^y£k&3P* ML 7 2tt/W 
^7b7^^6 2t0x57?k4SN* ML 7 

ML 7 4I^W*-7h7^X^6 1^-Xk4 
§NM 7 5^W#»7h7y^X^6 2^X 
fcftSPML 7 6ttJiniHIM, 7 7tt^W*-7h 
7y^6 1(03l/J?ti, 7 8te/^#-5h^ 
>^X*6 2 03l/*#«ffi, 7 9tt^-f#-5h5y 
^X*6 lO^-Xm 8 0(i/W!|?-7h7^X 
*6 20^-X«ffi, 8 1tt/W#-7h7VS;x>6 

1 OX^7^ti^OV^*-7h7yi/X^ 6 20 
X5 7*m 8 2tt^*y^-S/ay|iTfe*. 

[0 0 6 2] ££5 1, 2 2ttSi(i-x) GexSW 
*!K «J6xett*aSfW2f:R*Tfe»), affixes i 
(i-x) Gex W»»***-f KSr*-;P*»«U P 

[00 6 3] 0 1 6fc*5^T, 8 3ttPNPS^sR- 
7h7>^X^6K 8 4BNPNfi/W*-7h7> 
^X^6 2, 8 5(i^*-7h7^?8 3(031/ 
4>*®ffi, 8 6tt/Vr#-5 hvV^X£8 3£>^-X 
8 7«/W4^-^h^;/^X*8 3©x*y*« 
ffife<ktf/W*— ^ h^y^X*8 4cDx^>y#a& 
8 8^/W^-7h7y^X^8 4^-Xi& 8 9 
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[0064] ^mmm^is^Tit, *eiu»_LcDP' mi 
i n* 17 zttm%.mc—o<Dm®8 1 ts^s 

tl. PNPm'UX-^Vyyi/XZ 6 l©xS.y#SI 
iSSfciQ'N PN^iM*— 7 h5>^X26 2©i5 7 
2S«&itteTl,>3©T\ l»M5/W^-7h7yv'" 
X^Oi5'y^ti57 # t *tt«"T *HHC 

«fctfs^E«*«tt mmmr\ mm* 

[006 53 #£SSW4> BUTTS NPNS/W#-7 10 
h7>^X£©x5<y#fcPNP§^W#-'7h7>'i; 
X * ©x = >y * i; £ m-ffibM T'l&m 3 0J£S L ft 
*V I8ST3NSM0S h7^X*©V-Xfc</->U4 
YMVt PUMOS h^y^x^cov-x^vuttK 
WyO»£ RS-TSNPNS^-'I'JK— 7h^V^X 
*©:JU**fc^U4x5y*i:PS!MOS Y^WX 
^OV-Xto^L(iKW>fflM, BUST 3PNPS? 

NSMOS l^yi/*X£©V-X&t,>U;i; FlsJXDB 
QfeNM 5)017 tt*^WO¥S»ft«HOS 5 ©HAS 

«<jo»a*i*EiaoHW*w , f**iaESHTa5 0, np 

NS/^*-7h7>->"X^ 1 0 8, 109tfiJall 

0, 1 1 it@mi 1 2 fc^ew^snTva. cftp> 
nr^So ccT*^ 1 1 3t>\ mmmi tmuc. n 

— ©N* «l*&»&}Bj«Sn> 'Hit?-7b7>i/'X^l 
0 9©X=-y^^J§Sfc/W^-7h7yv ; X^ 1 0 8© 

[0 0 6 6] **aSWcj;0, tSE*0^;l/fSO|HlBS«l 

<t »m 2 0 %©f-y f-v-ixm'bt® 5 0 %<D»)ffi«jS 
{bb<ljK7j£ft„ 

mmm 6)018 6 ©jys 

[0 0 6 7] 01 8«> H^yiJpO^U/WCMOS 
@B0-W?*9» NPNSI-'VjK-^b^V^X* 1 
14, 1 1 5fcP§HMOS Yvl/i/TsZ 1 1 6, 11 
7, NSMOS YyyVT.* 1 1 8. 119£fr&fl|jA 

stress. cn6onitt«iB!i*?tt-r^Ti«iii±<o « 

-^h^>->*X^l 1 4<OiS7^«k/UI-7h 
7y^X?l 1 5©X= •y^ffiJSfc&oT^&o $ft, 

1 2 1 fcitf 1 2 2tf, HSSW14 fcBWte, Wl-O 
«5TMBftWfcS«E*nftN* fcttfcP* WKfr&ftrt 
Stl, MOS h7^X^OV-Xl«t KW>I« 

[006 8] ^msmm^K), vv?*i'i'-#. ~>y 
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<fc t) m 4 0 % ©^ -y XIB/Jn tt 8 0 % ©lift 

Bi3S{b*wetft. 

*fc*»w*jiffluft»&fcov^Tittwr*. 

0J8-1 OCOVTtR^lfrS. 
[0 0 6 9] 0 1 9tt*5IW©¥*#SH©^7©||fiS 
W^S-riBBfffiHt?**. 01 9£fct,>T\ 2 0 1(4K 

fm (s i o 2 ) 20 2ttwntmsmm*. 203 

fin- =H/**«*, 2 0 4ttP5H-X»*, 20 5 
ten* 2 0 6ttn* i5y#il 2 0 

7 UKf bM« 208. 2 0 9 (4 P 9$£A5/ V 3 V (« 
TPo 1 y-S i fcffif) T'ifc^ ^-XSIfflUtST 
i&So 2 1 0«, ill gft)gtfc£©*6*iffli©X^- 
•9—, 2 1 1 (tJHRIIfetUi, 2 1 2«A 1 (7;V = X>7 
A) *£©&«S1S?;&5. 

[0 0 7 0] 0 2 0-0 2 7 14, *$ffiffll4>li&£&& 
St /*n-feX7 n-<DKffi0T-«5. J-XT% 02 0-0 

[00 71] SIO21201 43<tO*NSiS i Mfrtt 

$ s o i s(*omao«m*w?«tiwtt*c kfc«t 

oT, fc^SHHSHZO 2 fcflMUftc S 112 0 3© 
JP2&1 500 A, »fil4 5X l 0 I5 ~1 x l 0 17 i o 
n s/c m 3 t Lfc (0 2 0) 0 
[0 0 7 2] #fC, S 0 I SttSHfctMfcU S££lft2 
OOA&V^l OOOA©KftK2 0 7^Jgfl2bfto * 
*5> Sf«iBfcCVD»ftiffcJ:oTlMk«%JB»aLT 

[0 0 7 3] Ofcttt^T, LP-CVDffifciffCfcoT 
Po 1 y-S i MZ 085:2 0 0 0-5 00 0AJf«L 
fto 5e>tC <!©Poly-Sil208{c, ^ay 

(BO 1&E(DP$PmVlll*5x 1 0 I5 ~1 x 1 0' 6 i 
ons/cm 2 OF-XiNtvaAU t>£8|^ 
T H 9 5 0^C, 3 0»7--;l/mof:„ 

[0 0 7 4] R I EK«fcraTS*ttX'yf-vy 

«ffftV\ 02 l©1Stjg£?#ft 0 CCT\ C©Po 1 y 
-S i©tS (0*> LT'SUft) 0. 5%^L1. 
5 n mt Lfto 

[0 07 5] ^K, 02 2KSLft<fc5fc, 0*, ^¥ 
^%HuIBP oly-Siffi«208 fC*^5 J; ^ fc* h 
U^Xh2 1 3££fo /^-xyy?:fft/\ 
T> R I E(CJ;^)T, P o 1 y-S i SH£2 0 8^VX 
5 1 LT\ WffiX' Poly-SI208 <t 0 5&fiiJ©Sft 
l2 0 7%X7f-yy*Lfc„ * h^X h 2 1 3£|fJtt 
Lft^> fft/Poly-Sl ^Sft^BfC 10 00^ 
L4 0 00Ati«U, 9lf?ttt^TS^pttx-y^yy*ff 
hSIBPo 1 y-S i fglgE2 0 8©ffiiMtCPo 1 y 
-S I WKt*-;l/2 0 9^MLf; (02 3) . 

[00 7 6] &fc*hWXH2 1 4^:02 4©«t-5{c 

OV (B* ) % 2 0 K e V©ftDjix^/l/^-T- 5X10 
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,3 i on s/cm 2 <DK-X«'C , 'l'*y£A ; &fT&V\ 

02 4^©#*f 2 0 AX'^htzmm^uy^^y^m 
At /So 

[0 0 7 7] fl}82* h l^X h 2 1 4 ^ML/i 

^ Sft»ffi-£«;: iooo Aftv>t 5 ooo knmt 
mitmnv^vvt-jiz i ozmmLtz (02 5) » 

[0 0 7 8]#te, S0lS#fI(CtI (As* ) ^ 
"ty* 1 0 0 K e V©J!in5$x*/l/^-T* 1 x l 0 15 ftV 
L3xio ls lons/cm ! Oh-XiT^yftA 10 
fcfTofc (0 2 6) o 

[0 0 7 9] Sltgfrvr, g#fc9 0 0t, 2 0%^L 

3 0#©l»fflH*lfft^BI2 7 0«IJ6*»fc. 

[0 0 8 0] S#£ffifcPSG. BPSGftif 

ojiia»6Wii*cvDjSftfffc±t>T«i«iu -terns 

otftBK:3y^^b*-;P%jgfiRU ffi^X, Al (7 
;l/5x*Z0 ft£©&S3ffi2 1 2£flMU 01 9© 

[00 8 1] ±gE©:/P-tiXf-:J:o'T\ ^-X^O. 

1 junOKIfi/W*-' 7h5^*iW6)jl?*, *© 20 

tlfll. KKflttKe G H z ©K»ft«I!/ V #-7 h y 

mam 8 ) 0 2 8 a, #fgRii©¥jn*gB©s& 8 ©* 
[oo8 2]0<k 20 i~2 1 2t*, m7<Dnmm<D 

01 9©«JSSWi:lRli;-ca&tK 2 1 5tt, Ti, Pt 
%if©->'J-9--l'Fr*feS„ 

[0 0 8 3] SOI lMffl^/cM/H^-7h7y 
5>X*Ttt» ¥##B©WStf5$^fca&, X=-y*J£>3 

u**©®ntf*f?<fts#, ±m<D^r>ic rnmv 30 

/J^^i^'JIt-Y K2 1 5%J&J&?%C£lC&oX, 15 

[0 0 8 4] *£fi&fH©«Ett«T©ieTff»T# 
3„ ^7©*ii^Jfc|Bl1i^ieT, 0 2 7©«3£*f# 
3„ g«aiffifcx/W*yy^cj-oT-^>' 

(T 1) £5 0 0 AitSMLfc. OV>T\ S«£6 0 0 
•C, 2 0#«lffla*fTft^S 1 irlT I 

[0 0 8 5] 3ftfc, NH< OH • Hz O2 £ffll^/c*>X 
•y hx«yf->^tcit)*5(S©^*>*^£bT02 9 
©«U6*»fc. 40 

[0086] z<omm 7 ©gnffj t nikicjiiaififtit 

2 1 ^«m«B2 1 2«KLfc 0 
(Sffiffl 9 ] 0 3 0 tt*»E©¥«*ft«B©ll! 9 OgfiS 

fllfcij^flSWrffiBI-P**. W7*J:tfll!803WIWe 
it, &mW&2. 1 2©fflB«TX^T?^*tlTt^Co 

[0 0 8 7] #S!fi&0IJT*«> xS-y^fc^O^l^*© 
£1111112 1 2©^-XgF9©ffifitt, Ifigifli©^^- 
•9—2 1 Oti-^Ti^ns, 0ff 2 0 1 ~2 1 2« 
KI7©*iS60iJ©0i QOHIdMBteBlUT**. 

[0 0 8 8] «T> 4*«ffil©«Ji*}**WWr*. so 
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[0089] m7 <Dmmmtmm<oi5mx\ mzKom 
mzmzo ■o^x-mm^mmz 1 l^cvDa^ftj; 

?T«J*U 03 1 ©flfjg^fSo 

[0 0 9 0] CCT*0 3 1 TyT^LfclEffltxS <y* 
©? Iffl LBB«»j«Lfe*&t!:ov^T*AS. 

[00 9 1] C©fc£, r^^Vhv-^VtftftlMI 
©X-<-9— 2 1 0©K (H* x) *t)/hSWntf, 0 

fl&OC fc#W3.5©ttf-3 3;T*t>ftV\ 
[0 0 9 2] fcJSU **»«!©»&, *6*i§l©X^- 
9—2 1 Otis JRMI&BK2 1 1 fcX<y*yjr©WRJfc 
©fcttS%S> fci:AtfS"j3^bllS is N< ft if 

T^Lft^mfftp.ft^o 

[0 0 9 3] ±8B©«k9t2|s:^ii«IJt ) J:r>T, 01 9R 
tf0 2 8 fc^LfcSi 7 Ktflg 8 ©*MlJ<fc 0 fcx = >y * 

smtn 1 0] 03 2 a*&g©$*ttttB©)ii 1 o© 

^S(Sffil*^-r«WffiBITJ6«. 03 3-03 5 «, #H| 
ffljf?!l©i!tfg?j ft %St- 7n -tr X 7 n -©Kfiffi0 T*& S„ 

[0 0 9 4] 0^, 2 0 1-2 1 2«3!7©!!j60IJ©0 
1 9©«fi!cg|5Wt|Bli;T'$<3> 2 16IJS iOj , PS 
Gft£©JS*&BL 2 1 7«N3iP 0 1 y-S i XtbZ> a 

[0 0 9 5] J-XT^ 03 3-0 3 5£ffl^T#HSfc0!l© 

[0 0 9 6] 87©^W©J§£fcH«4lgteJ-.o 
tv H2 3©«»fcft«U 5l*tt^T»**iiifcPS 

g^2 1 6*1 oooA««Lfc. *©a, mmcomm 

©PSGI2 1 6 43«tlf«ftB2 0 7*X'yf-yiT8tfg 

H3 3©BJt*»fc. 
[009 7] ^fcMEPSGit2 1 6*VX^tLTC 
1 2 fcffll^fcR I EfCj;oT3U^^^2 0 Sft,}:^ 

^-Xffilg?2 0 4©S xm^mi^v^yf^, ^£ 

Lfc (03 4) „ 

[0 0 9 8] #{Cgffi£ffi(CPo 1 y-S i *^2 0 0 
0AJt«b, 5l#«V>Tt* (As* ) -<*y*7 0K 
e V©Jta;gX*;|,-£-T*5 E15ions/cm 2 © K 

-x*B-ei'-4-yaA*tTftv\ ^-xb«2 0 4, is 

7?SHSi2 0 6, n* 3U**««2 0 5*}BJ«Ufc. 
-^-©^ MIBPo 1 y-S l^--^U 03 5 
©«it*»/=. 
[0 0 9 9] 

h5^^X*©»9WB«W«-6«ktft©3fittB«teS i 
(.-«) G e, «*MJ|iaxSte*0f^«1?*> «£*©¥ 

^s^^p-bxtg^tt^n, uts i ts i 

(i-x) Gew ©•^•rn^®T©^RI©li^ / >ft<^ 
Sft-f©*l«lcJ:5»Bt/M<T*afc«>, S5^fth 



(9) 



#^¥6-2 6 7 9 7 1 
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[oioo] *fci»«-r*h5y^*o-35roh5y 
co i o i] *»mitej: tu& mmbihkom 

«MW^&ll20±mimt9A(cMft t '9Tfi<ft« 10 
[BB4>B¥&tt9l] 

[0 1 ] *fmn©¥gttgH©sg i <ommm<Dmmmm 

[0 2] H 1 0¥VltttBO««EIBBT««. 

m 3 ] h i <D*mwmm<D-nmm<owmxm%*? 
im 4] 0 1 o#B#»Bo-*jfiBo«)tie*^-r 

»iE«)i0T'&£o 20 

[ia 5] 0 i o^BttBBo-BaBoiBaiasjs-r 

[0 6] B l ©^f^BO-BBWoBBlBfcjjtr 

[ia 7 ] 0 i ©*g#fSH©-s«©t{&igfc*-f 

BBBBBTfeS. 

[0 8] m i <Dmft%m<DmonMm<Dm&xmz7fi 
[09] 0 1 <o*i»wmm<DttL<Dmmm<Dwmxmik* 

1"»tE1Sii0T-&£o 30 

[0 1 o] 0 1 <D*mfom<DmmMm<DW.mTmz 

[0 1 1 ] 0 1 <D*mi*&g<D®<Dm&m<D®mxmz 

[0 1 2] 0 1 <D*m#m<»iiiL<Dmm<D9nmjM* 

[013] *fm<D*mmm<Dm3o$mm<>)mm® 

[01 4] 01 3z>¥m#i&w<D®m®t&®-e&Zo 
[01 5] *&w<D*m#m<Dm4<Dmm<DiBiM® * 
jg0T-a65„ 

[0 1 6] 0 1 5<D¥Bf*^cB(0«ffSBBT«S. 

[017] *mm<otmw&w<Dm5<D$mm<D&mm 

«ISlBO-«l*^-r«fli0BHT'**. 
[018] *BB©^ft«B©£6©£B0!l©«ffil§l 
B0TfeSo 

[019] 4^o^mHfiB^7 0lBHfll*^riK 
BfB0T'fe§ o 

[02 o] 0 1 9<D*mw&m<DWimy3ifeZ7nt7u* 

K7u-<DW\mmT*3b?>o 50 
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[02 1] 0 1 9<D¥W&m<DW&1smZniir'7uii 
X7a-(DirB0T'*So 

[0 2 2] 0 1 9©^#8H©B3t;m£**-f7*n-fe 
X7O-OBffi0t , feSo 

[02 3] 0 1 9<oimwmm<ow&ism^tru-t 

[0 2 4] 01 9©i|m(«tBOB3fi*ffi*^7'D-b 
7>7o-co»t®0T-$.So 

[0 2 5] 01 9©*Wf*BB©BB£a*jR , r:7n-tz 

[02 6] 01 9©*WlttBB©fia2r»*jj*-f7*n-fe 
X7n-©8ff®0T*SSo 

[0 2 7] 01 9©*HW*BB©B»*ffi*ij*i-7n-fe 
X7n-(D8frS0T-*5o 

[0 2 8] *£H©¥BttBB©£8©££ft£;iV*-£ 
»r®0-?&5o 

[029] 02 8<o*m#&m<Dm&ism*7ji-?-7v 

•feX©Bta0T'£>So 

[0 3 0] *BH©^fl«B©£9©£fttt*CT-f£ 
Br®0T*&£ o 

[03 1] 03O©¥#<*2$R©S¥ig£i£*^-f-7"n 
■bX<O»iffi0T'^5o 

[03 2] 43gH0¥*{ttHK>m 1 0C*WJ^t 
SK»rffi0T'<fe§o 

[0 3 3] 03 2©¥Bi*«B©Bifi£B;*3jVr7 , n-t 
X7n-©#r®0T*&5 o 

[0 3 4] 03 2©iN»#gB©8i)t^}i*^-r7*D-b 
X7D-CDfeTS0T$>5o 

[0 3 5] 0 3 2©¥»{*gfi©Sm£?££^<r7o-t 
X7o-©»fffi0TS.So 

[03 6] fj&K©IKa/W#— 7h7^X^OBffi«l 
3g0T'feSo 

[03 7] «6*0«S!/W*-5h9yyx^©Wffifll 

[0 3 8] ft*©»Wtf— 7 ^y^XiKOBMSf 
3g0T*fcS„ 

[03 9] BS'Vftf— 7h7>^^4iI$Ifr5. 

arc0T**«. 

[04 0] 03 9©«^W#-7h7>^X#©»iE 
0T'3d3 o 
[ft*t©iHH£] 

2 ^2©NPNS^#-7h7^X* 

3 v"J3 

4 B«B 

5, 5' n- m~>v^>m 

6 BttBtbB 

7 hafts 

8 PW>$Vi/Vuym 

9 PSIjHU'>U3VB 



(10) 
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1 1 n + mm 

12 N* USE 
1 3 P®« 

1 4 Pffi« 

i 5 mmmmm 

1 6 x^y^Htffi 

1 7 autzmm 

1 8 ^-x®& 

1 9 ^-XttJS 

2 0 /^r>^>3>I 

2 1 Si (i-x) G ex mm 



[01] 




18 

2 2 Si (i-x) G e x 

2 0 1 Kfb^ (S i 0 2 ) M 

202 wtimftnmm 

2 0 3 n- zilst$mW 

2 0 4 PS^-XffiW 

2 0 5 n* XUt?#ffiM 

2 06 n* x^>y£^igt 

2 0 7 MM 

2 0 8, 209 psjea^uny 
10 210 n&Jiiio;^— y-- 

2 1 1 ffRgt&flWt 

2 i 2 



[02] [03] 




^4 
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[01 9] 



( '#9 tn.m zn 

1 'firu 




X9t 



[02 0] 



[02 1] 



Mr 



,m 



,w3 



(12) 



#63^6-2 6 7 9 7 1 



mz 2] 



a « a » * » ' 



-#7 



1 "'dmi 



[02 3] 





V 



'I'm- 




[02 4] 



2 5] 
-W, 



^-7 y/ft^u 



394 , m 



m 2*S J 1 201 




219 



• •••■■) 



#9 



[026] [027] 
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[1332] [033] 




[034] [035] 
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